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FKDUDFWHUL]DWLRQ RI VXUIDFH URXJKQHVV LV EHLQJ GHYHORSHG RYHU WKH ODVW  \HDUV ,Q JHQHUDO DYHUDJH VXUIDFH
URXJKQHVV 5DLVPDLQO\ XVHGDVDGLPHQVLRQDOLQGH[WRGHWHUPLQHWKHVXUIDFHILQLVKRI DPDFKLQHGVXUIDFH
1RPHQFODWXUH
5D VWDQGDUG5RXJKQHVV
5D6W\OXV URXJKQHVVPHDVXUHGE\VW\OXVEDVHGPHWKRG
5DF URXJKQHVVPHDVXUHGE\FRQIRFDOGLVSODFHPHQWEDVHGPHWKRG
7KHPHDVXULQJ LQVWUXPHQW FDQEHGLYLGHGLQWRWZREURDGFDWHJRULHVFRQWDFWW\SHVDQGQRQFRQWDFWW\SHV
7UDGLWLRQDOO\ XVHG FRQWDFW EDVHG LQVWUXPHQWV DUH QRW VXLWDEOH IRU LQVLWX PHDVXUHPHQW HQYLURQPHQWV DQG WKH
WUDGLWLRQDO LQVWUXPHQWV KDYH OLPLWDWLRQV VXFK DV ORZ VSHHG PHDVXUHPHQW FRQWDFW DQG UHTXLUH YLEUDWLRQIUHH
HQYLURQPHQW HWF 0XUXJDUDMDQ DQG 6DPXHO  FRPSDUHG WKH FRQWDFW DQG WKH QRQFRQWDFW LQVWUXPHQWV 7KH\
UHSRUWHG WKDW QRQFRQWDFW LQVWUXPHQWV KDYHVHYHUDODGYDQWDJHV LQ DXWRPDWHGSURGXFWLRQDQG LQVSHFWLRQV\VWHPV LQ
PDQXIDFWXULQJ VHFWRU VXFK DV WKH DELOLW\ IRU LQSURFHVV LPSOHPHQWDWLRQ UDSLGPHDVXUHPHQW FDSDELOLW\ ZHDU IUHH
PHDVXUHPHQWV DQG WKHDELOLW\ WRSURYLGH LQIRUPDWLRQRYHUDVXUIDFHDUHD -LDQJHWDO  UHSRUWHG WKDW WKHQRQ
FRQWDFWPHDVXUHPHQW LQVWUXPHQWV VXFKDV RSWLFDOFDSDFLWLYHLQGXFWLYHXOWUDVRQLFPDFKLQHYLVLRQDQGODVHUVHQVRUV
DUHXVHIXODOWHUQDWLYHVWRWKH WUDGLWLRQDOSURILOLQJ LQVWUXPHQW WRPHDVXUHWKHVXUIDFHILQLVK RIWKH PDFKLQHGVXUIDFH
*HQHUDOFRQVLGHUDWLRQVDERXWPHDVXUHPHQWFDSDELOLWLHVRIWKHVHW\SHVRILQVWUXPHQWVFDQEHVXPPDUL]HGDVLQ 7DEOH
 &KLQ  &RPSDUHG WKH VXUIDFH URXJKQHVV PHDVXUHPHQWV E\ VW\OXV SURILOHU $)0 DQG QRQFRQWDFW RSWLFDO
SURILOHU
7DEOH6XUIDFHPLFURWRSRJUDSK\LQVWUXPHQWVDQGWKHLUXVHIRUGLPHQVLRQDOPLFURPHWURORJ\ E\%DULDQL
+DQVHQ HW DO  UHSRUWHG WKH FRPSDULVRQ DPRQJ D IRFXV GHWHFWLRQ ODVHU VFDQQLQJ SURILOHU D FRQIRFDO
VFDQQLQJODVHUPLFURVFRSHDQGDZKLWHOLJKWLQWHUIHURPHWHUIRUWKHPHDVXUHPHQWRISODVWLFVXUIDFHV 7KHLODGH
UHSRUWHGDPRUH WKRURXJK LQYHVWLJDWLRQRI WKH IRFXVGHWHFWLRQSURILORPHWHU ZKHUHERWK UDQGRPPLFURVWUXFWXUHVDV
ZHOODVGHWHUPLQLVWLF PLFURVWUXFWXUHV ZHUHLQYHVWLJDWHG )RUDOORSWLFDO LQVWUXPHQWV WKHQRQFRQWDFWQDWXUHLVDFOHDU
PHULW )HZ H[DPSOHV KDYH EHHQ IRXQG ZKHUH GLIIHUHQW LQVWUXPHQWV ZHUH DFWXDOO\ FRPSDUHG EDVHG RQ PHDVXULQJ
PLFURFRPSRQHQWV $FFRUGLQJWRWKHFRPSDULVRQRIDOOVXUIDFHSURILOHPHDVXUHPHQW LQVWUXPHQWV ZH FDQFRQFOXGH
WKDWWKHFRQIRFDOGLVSODFHPHQWVHQVRULVPRUHVXLWDEOHIRUHYDOXDWLRQRIPLFURVXUIDFHVSURILOHSDUDPHWHUV
,QDGGLWLRQWKHVXUIDFH ILQLVKPHDVXULQJ WHFKQLTXHV DUHFODVVLILHGLQWRWKUHHFDWHJRULHV9RUEXUJHUHWDO
OLQH SURILOLQJWHFKQLTXHDUHDOWRSRJUDSK\DQG DUHDLQWHJUDWLQJ ,QWKLVSDSHU KLJKUHVROXWLRQ FRQIRFDOGLVSODFHPHQW
VHQVRU KDV EHHQXVHG WRPHDVXUHWKHWH[WXUHRYHUWKHVXUIDFH E\ SURILOLQJWHFKQLTXH ,]PDLORYDQG.RXURYD
KDYHVWXGLHGWKHFRUUHODWLRQEHWZHHQVXUIDFHDQGSURILOHSDUDPHWHUV 5HVXOWVUHYHDOWKDW WKHVXUIDFHV FDQEH PRGHOHG
ZLWK SURILOH KHLJKWDQG RWKHU VXUIDFHSURILOH SDUDPHWHUV0XUXJDUDMDQDQG 6DPXHO SURSRVHG D ''LVFUHWH
3RLQW0HWKRG'30WR SUHGLFW WKHWKHRUHWLFDOUHVSRQVHRIFDSDFLWLYHGLVSODFHPHQWVHQVRURIWKHPHDVXUHGVXUIDFH
SURILOH 7KH\ DOVR SURSRVHG QRQGLPHQVLRQDO µ3URILOH +HLJKW ,QGH[ 3+,¶ WR UHODWH WKH VXUIDFH ILQLVK RI WKH
3ULQFLSOH 0HULWV /LPLWDWLRQV ([DPSOHVRIDSSOLFDWLRQ
6W\OXV 7UDFHDELOLW\/DUJHUDQJH;<DQG=
0HFKDQLFDOFRQWDFWIRUFH
7LSJHRPHWU\ ,QGXVWULDOVXUIDFHV
$XWRIRFXV 3RLQWE\SRLQWSURELQJ /LPLWHGODWHUDOUHVROXWLRQ0D[GHWHFWDEOHVORSHDSSU 6RIWPDWHULDOV
:KLWH OLJKW
LQWHUIHURPHWHU
)DVW+LJKYHUWLFDOUHVROXWLRQ
VXEQP 0D[GHWHFWDEOHVORSHDSSU
5RXJKQHVVRIIODWVXUIDFHV )LOP
WKLFNQHVV /RZDVSHFWUDWLR 0(06
&RQIRFDO +LJKDVSHFWUDWLRVWUXFWXUHV0D[GHWHFWDEOHVORSHXSWR
/LPLWHGODWHUDOUHVROXWLRQ
/LPLWHGYHUWLFDOUHVROXWLRQ +LJKDVSHFWUDWLR 0(06
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FRPSRQHQW,WZDVGHVFULEHGE\DQXPHULFDOLQGLFDWLRQRIWKHGLVWULEXWLRQRIVXUIDFHLUUHJXODULWLHVDQGSHDNKHLJKWRI
WKHSURILOHV PHDVXUHGXVLQJWKHVHQVRU
6DPXHO DQG 6KXQPXJDP KDYHGHYHORSHG DOJRULWKPV IRU HYDOXDWLQJ WKH VWUDLJKWQHVV DQG IODWQHVV IRUP
HUURU EDVHG RQ FRPSXWDWLRQDO JHRPHWULF WHFKQLTXHV VXFK DV WKH PLQLPXP ]RQH DQG IXQFWLRQRULHQWHG HYDOXDWLRQ
)OHLVKPDQ HW DO  XVHG OHDVW VTXDUH FXUYH ILWWLQJ PHWKRG WR UHPRYH GLPHQVLRQDO HUURU GDWD IURP WKH
PHDVXUHPHQWVLJQDODQGH[WUDFWWKHVXUIDFHLQIRUPDWLRQ 7KLVSDSHUGHVFULEHVWKHGHWDLOHGH[SHULPHQWDOZRUNFDUULHG
RXW IRU PHDVXULQJ WKH VXUIDFH ILQLVK XVLQJ WKH FRQIRFDO GLVSODFHPHQW VHQVRU EDVHG RQ WKH FKURPDWLF LPDJLQJ
SULQFLSOHV\VWHP$VHWRIVWDQGDUGPDFKLQHGVXUIDFHVQDPHO\WXUQHGDQGPLOOHGVXUIDFHVZLWKDYHUDJHURXJKQHVV
5DYDOXHVRIDQGȝPZHUHXVHGIRUPHDVXUHPHQWDQGDQDO\VLV
 'HYHORSPHQW RI([SHULPHQWDO6HWXS
7KH H[SHULPHQWDO VHWXS XVHG LQ WKLV ZRUN FRPSULVHV RI WKUHH PDMRU FRPSRQHQWV YL] FRQIRFDO GLVSODFHPHQW
VHQVRUKLJKSUHFLVLRQ;<=D[LVOLQHDUVWDJHZLWKFRQWUROOHUDQGFRPSXWHUEDVHGGDWDDFTXLVLWLRQV\VWHPDVVKRZQ LQ
)LJ  7KH FRQIRFDO VHQVRU LV DQ XOWUDSUHFLVH QRQFRQWDFW GLVSODFHPHQWPHDVXULQJ V\VWHP 7KH FRQIRFDO VHQVRU
PRYHV DORQJ=D[LVOLQHDUVWDJH DQG PLFURFRPSRQHQWSODFHG RQWKHVWDJHZKLFKFDQPRYHVDORQJ ; DQG<D[LVDV
VKRZQLQ)LJ 8VLQJFRQIRFDO FKURPDWLFLPDJLQJSULQFLSOHDSRO\FKURPDWLFZKLWHOLJKWLVIRFXVHGRQWRWKHWDUJHW
VXUIDFHE\DQRSWLFDO V\VWHP7KLV OLJKW UHIOHFWHG IURP WKH WDUJHW VXUIDFH LV WUDQVPLWWHG IURP WKHSUREH WKURXJKD
FRQIRFDO DSHUWXUH DQG RQWR D VSHFWURPHWHU ZKLFK GHWHFWV DQG SURFHVVHV WKH VSHFWUDO FKDQJHV DQG FDOFXODWHV
GLVWDQFHV7KHVHGLVWDQFHPHDVXUHPHQWVDUHUHODWHGWRVXUIDFHLUUHJXODULWLHV
7DEOH&RQIRFDO'LVSODFHPHQW6HQVRU6SHFLILFDWLRQV
3ULPD&RQWUROOHU
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 VRIWZDUH DUH XVHG IRUPRQLWRULQJ FRQWURO DQG VWRULQJ WKHPHDVXUHG
GDWD 7KH VWRUHG GDWD LV DQDO\]HG DQG WKH SURILOH SDUDPHWHUV DUH HYDOXDWHG 7KH VSHFLILFDWLRQV RI WKH FRQIRFDO
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FRQIRFDOGLVSODFHPHQWVHQVRU7KHDULWKPHWLFDYHUDJHKHLJKWDQGPD[LPXPSHDNWRYDOOH\KHLJKW RIVW\OXVSURILOH
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  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 
      
)LJ  VKRZVWKHPHDVXUHGSURILOHV RIWKHWXUQHG VXUIDFH,WZDVIXUWKHUREVHUYHGWKDWWKHPDJQLWXGHRIWKHSURILOH
YDULHV ZLWKGLIIHUHQW WXUQHG VXUIDFHV7KLV OHDGV WR FKDUDFWHUL]H WKHVSHFLPHQ EDVHGRQ WKHVXUIDFHILQLVK IURPWKH
PHDVXUHG FRQIRFDOGLVSODFHPHQWGDWD$VLPLODUWUHQG LV DSSOLHG IRUWKH PLOOHG VXUIDFHSURILOHVDVVKRZQ LQ )LJ 
DQG )LJ  ,WFDQEHVHHQWKDWILQHVXUIDFHVRIWKH WXUQHG VSHFLPHQ DQGYHUWLFDOO\PLOOHGVSHFLPHQKDYH WKH VLPLODU
GLVSODFHPHQWSURILOHVDV REWDLQHGE\ERWKWKHPHWKRGV ,WFDQ DOVR EHVHHQWKDWWKHFRQIRFDOGLVSODFHPHQWVHQVRUFDQ
PHDVXUHPRUHGHSWKYDULDWLRQWKDQWKHVW\OXVPHWKRG
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ILQHDQGURXJKVXUIDFHV7KLVOHDGVWRODUJHSHUFHQWDJHYDULDWLRQEHWZHHQPHDVXUHG 5DF XVLQJVHQVRUDQGPHDVXUHG
5DVW\OXV XVLQJVW\OXVWHFKQLTXH
)LJ  VKRZV WKH VWDWLVWLFDO UHODWLRQVKLS EHWZHHQPHDVXUHG5DF DQG VW\OXV EDVHG5DVW\OXV 7KHPHDVXUHG 5DF
YDOXHVZHUHILWWHGE\PHWKRGVRIOHDVWVTXDUHV7KHFRUUHODWLRQFRHIILFLHQW5ZDVREWDLQHGDV IRU WXUQHG
 IRU YHUWLFDO PLOOHG DQG  IRU KRUL]RQWDO PLOOHG VSHFLPHQ ,W LV REVHUYHG WKDW WKH FRHIILFLHQW IRU WKH
URXJKQHVV YDOXHJLYHV EHWWHUDJUHHPHQW IRU WXUQHG DQG YHUWLFDO PLOOHGVXUIDFHV7KHURXJKQHVVRIERWK WXUQHGDQG
KRUL]RQWDOPLOOHG VXUIDFHVSHFLPHQVUDQJHIURP  P WR  P DQGFRUUHODWHZHOOZLWK VW\OXVEDVHGPHDVXUHPHQW
)LJ  VKRZVWKHVWDWLVWLFDOUHODWLRQVKLSEHWZHHQPHDVXUHG 5DF DQG VWDQGDUG 5D7KHFRUUHODWHGGDWDLQGLFDWHWKDW
WKHVXUIDFHSDUDPHWHUFDQEHSUHGLFDWHGIURPFRQIRFDOGLVSODFHPHQW EDVHGVXUIDFHSDUDPHWHU 5DF DQGYLFHYHUVD
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&RUUHODWLRQ FRHIILFLHQWV RI  IRU WXUQHG VSHFLPHQ  IRU YHUWLFDO PLOOHG VSHFLPHQ DQG  IRU
KRUL]RQWDOPLOOHGVSHFLPHQ ZHUHREVHUYHGXVLQJOLQHDUUHJUHVVLRQPRGHO)URPWKHUHJUHVVLRQHTXDWLRQWKH5D FDQ
EH SUHGLFDWHGXVLQJWKHPHDVXUHPHQWV IURPWKH VHQVRU7KHURXJKQHVVYDOXHVREWDLQHGGLUHFWO\IURPWKHPHDVXUHG
5DF XVLQJVHQVRULVLQIOXHQFHGE\WKH LUUHJXODULWLHVRIWKHVXUIDFH
 &RQFOXVLRQ
,QWKLVZRUND QRQFRQWDFW PHDVXUHPHQWV\VWHPKDVEHHQGHYHORSHGWR PHDVXUH WKHVXUIDFHSURILOHSDUDPHWHUXVLQJ
FRQIRFDOGLVSODFHPHQWVHQVRU7KHPHDVXUHPHQWWDNHQXVLQJFRQIRFDOGLVSODFHPHQWVHQVRUDQGVW\OXVPHWKRGZHUH
FRPSDUHGZLWKWKHVWDQGDUGVSHFLPHQIRUWXUQHGYHUWLFDODQGKRUL]RQWDOPLOOHGVXUIDFHV 7KHFRUUHODWLRQFRHIILFLHQW
YDOXHV REWDLQHG IRU WXUQHG YHUWLFDO DQG KRUL]RQWDO PLOOHG VXUIDFHV ZLWK FRQIRFDO PHWKRG LV   DQG
DQGZLWK VW\OXVPHWKRG LV  DQG UHVSHFWLYHO\ 7KHUHVXOWVVKRZ WKDW WKH VXUIDFHILQLVK
PHDVXUHGE\ FRQIRFDOPHWKRG LVLQ JRRGDJUHHPHQWZLWKWKH YDOXHV REWDLQHGE\VW\OXVPHWKRG
5HIHUHQFHV
%DULDQL 3  'LPHQVLRQDO PHWURORJ\ IRU PLFURWHFKQRORJ\ 3K' WKHVLV 'HSDUWPHQW RI 0DQXIDFWXULQJ (QJLQHHULQJ DQG 0DQDJHPHQW
7HFKQLFDO8QLYHUVLW\RI'HQPDUN
&KLQ<3RRQ%KDUDW%KXVKDQ  &RPSDULVRQRIVXUIDFHURXJKQHVVPHDVXUHPHQWVE\ VW\OXVSURILOHU$)0 DQGQRQFRQWDFWRSWLFDOSURILOHULQ
,QWHUQDWLRQDO-RXUQDO RI:HDU  
)OHLVKPDQ 'DQLHO&RKHQ2U &ODXGLR76LOYD  5REXVW0RYLQJ/HDVWVTXDUHV)LWWLQJZLWK6KDUS)HDWXUHV $&07UDQVDFWLRQVRQ*UDSKLFV
72*  3URFHHGLQJVRI$&06,**5$3+9ROXPH,VVXH 
+DQVHQ+1%DULDQL37KHLODGH85$'H&KLIIUH/&RPSDUDWLYHLQYHVWLJDWLRQRIRSWLFDOWHFKQLTXHVIRUWRSRJUDSK\ PHDVXUHPHQWRI
URXJK SODVWLF VXUIDFHV 3URFHHGLQJV RI WKH (XVSHQ ,QWHUQDWLRQDO 7RSLFDO &RQIHUHQFH RQ 3UHFLVLRQ (QJLQHHULQJ 0LFUR 7HFKQRORJ\
0HDVXUHPHQW7HFKQLTXHVDQG(TXLSPHQW$DFKHQ
,VPDLORY99DQG.RXURYD06 &RUUHODWLRQ EHWZHHQ VXUIDFH WRSRJUDSK\ DQGSURILOH VWDWLVWLFDO SDUDPHWHUV LQ ,QWHUQDWLRQDO -RXUQDO RI
:HDU 
-LDQJ;6FRWW3-:KLWHKRXVH'-DQG%OXQW7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0XUXJDUDMDQ $ DQG 6DPXHO */  (VWLPDWLRQRI6XUIDFH3URILOH3DUDPHWHUVRID0DFKLQHG6XUIDFHXVLQJ&DSDFLWLYH6HQVRU LQ ,QWHUQDWLRQDO
-RXUQDORI6\VWHPV&RQWURO9RO,VV  
6DPXHO * / DQG 6KXQPXJDP 06  (YDOXDWLRQ RI VWUDLJKWQHVV DQG IODWQHVV HUURU XVLQJ FRPSXWDWLRQDO JHRPHWULF WHFKQLTXHV LQ
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±
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